Relation to Age and Sex. Tohoku J. exp. Med., 1975 , 117 (2), 153-165-Isolated housing conditions (a single mouse in cage) have been reported to induce various changes in physiological and behavioral characters of mice comparing with collective-housing conditions. However, the effect of age and sex has not been studied in detail.
The housing condition of experimental animals has raised a topic in these years. Many researchers reported that isolated animals showed various physiological and behavioral peculiarities or different susceptibilities to drugs or environmental stress comparing with those reared in the collective condition (King et al. 1955 ; Barnes 1958 Barnes , 1959 Brain 1971 Brain , 1975 Brain et al. 1971 ; Takemoto et al. 1975) .
As one of these peculiarities due to prolonged isolation, King et al. (1955) observed the convulsion in the singly caged CH mice. The present authors reported different incidence rates of convulsive attacks according to different conditions of isolation in male dd-D mice (Takemoto et al. 1975) .
In this report, we aimed to evaluate the effect of isolation in relation to age and sex of animals, and duration of isolation.
METHODS AND MATERIALS
One hundred eighty dd-D mice of both sexes and of different ages were used. Three experiments were carried out in terms of age of mice and housing conditions. In the experiment 1, male mice of 29 weeks old and female mcie of 32 weeks old were used. In the experiment 2, both sexes of mice of 8 weeks old were used. The experiment 3 was carried out on the male mice of 11 weeks old.
In all the experiments, the mice were divided into two groups; "individual" and "collective" . In the individual group ("individual"), each mouse was assigned to one of the individual section of cage. As already mentioned in the previous report (Takemoto et al. 1975) , there had been a clear difference in the incidence rate of convulsive attacks between the mice with and without neighboring mates. To make the housing condition of mice uniform, only alternative sections of the cage were used for "individual".
In the collective group ("collective"), five or four mice were assigned together to a cage having the corresponding space to five sections in the cage of individual group (Fig. 1 ). In the experiment 3, there was one more additional housing condition, i.e., one mouse was assigned to the cage used for mice of collective group (Fig. 1) .
The animals were kept in an air-conditioned room, where the temperature was around 23±2°C and no particular shelter against noise, light and other environmental stimuli were facilitated.
Commercial diet for mice (Nippon Clea CA-1) was used. Body weight was measured once a week, and measurement of diet consumption and clearing of cage were carried out twice a week.
In the experiments 1 and 2, the half of mice was sacrificed by heart puncture after rearing for 6 weeks, and the remaining animals were reared for another 6 weeks. In the experiment 3, animals were reared for 13 weeks. Fig . 2 . A significant difference was found between "individual" and "collective" only in female reared for 6 weeks . Tables 1 and 2 show the results on body weight , organ weights and blood examinations.
As to body weight and weights of fur, bone and muscles , and interscapular adipose tissue, female was less influenced by the housing condition than male. In male, body weight was significantly heavier in "individual" than in show the values which were converted to the ratio to the body weight.
* f Mean significant difference between "individual" and "collective" groups at p<0.05 and p<0.01, respectively.
"collective" , and this difference was more dominant in the case of 12 weeks rearing, but no significant difference was found in female. After 12 weeks rearing, weights of fur and interscapular adipose tissue in male were significantly heavier in "individual" than in "collective".
Organ weights and the ratio to body weight. In male, significant differences in organ weight were observed for the kidney and the adrenal after 12 weeks rearing. In "individual", the kidney was heavier and the adrenal was lighter than in "collective" . The ratios of organ weight (relative weight) were larger for the brain (6 and 12 weeks), the spleen (12 weeks), the kidney (6 weeks), and the adrenal (12 weeks) in "collective" group as compared with "individual" group.
In female, after 6 weeks rearing, the liver and kidney were heavier, and the brain and ovary were lighter in "individual" than in "collective" in the actual The abbreviations and marks (Ind., Coll., M., s.n., *, t) are the same as in Table 1. weight and the relative weight. The relative weight of the spleen was also larger in "individual" than in "collective". After 12 weeks, the difference in organ weights tended to decrease, and a significant difference was found only in the relative weight of ovaries ("collective" was larger than "individual").
Blood examinations. Hemoglobin contents were lower in "individual" of male (12 weeks) and of female (6 weeks), and the number of leucocytes was greater in "individual" of female (12 weeks) . The level of cholesterol was higher in "individual" of male (12 weeks).
Effects of housing conditions in young mice (Experiment 2)
Dietary consumption, body weight and body composition. There was no difference on the amount of daily dietary consumption in both sexes (Fig. 2) . As in mature mice, the difference in body weight and fur and interscapular adipose tissue weights were found only in male, and these differences were dominant after The abbreviations and marks (Ind., Coll., M., S.D., *, t) are the same as in Table 1. the prolonged rearing; body weight (12 weeks), and fur (6 and 12 weeks), and interscapular adipose tissue (12 weeks) were heavier in "individual" than in "collective".
Organ weights.
The significant difference was observed on the adrenal in male and the ovary in female; both were lighter in "individual" than in "collective" and the difference became larger with the proceeding of rearing.
Blood examinations. In female, higher hemoglobin content and greater numbers of leucocytes were found in "individual" (6 weeks for hemoglobin and 12 weeks for leucocytes). In male, the level of cholesterol was elevated in "individual" (6 weeks).
Differences due to three housing conditions (Experiment 3)
The responses to three different housing conditions were summarized in Table   5 . As already mentioned, the individual group in this experiment was composed The abbreviations and marks (Ind., Coll., M., s.D., *, t) are the same as in Table 1, of two groups and these two groups are named as "individual A" (reared in the individual cage) and "individual B" (reared in the collective cage). On the difference between two "Individual "s, it was noted that weights of the brain, liver, and kidney were smaller in "individual A" than in "B". 
Adrenals in male and ovaries in female
In the adrenal of male, the difference became significant after 12 weeks rearing, but in the ovary, a significant difference was observed after 6 weeks on mature mice or 12 weeks on young mice (Fig. 3) between body weight and serum cholesterol level (male, r=0.60, p<0.01; female, r=0.37, p<0.05) (Fig. 4) , and between body weight and interscapular adipose tissue (male, r=0.87, p<0.01; female, r=0.67, p<0.01) (Fig. 5 ). This indicates that the change of body weight is closely related to lipids metabolism. Between weights of adrenals and of interscapular adipose tissue, a significant negative correlation was obtained only in male (r=-0.62, p<0.01) (Fig. 6) . 
DISCUSSION
The present experiment revealed that the effects of housing conditions were variable with sex and age of animals. With respect to the change in body weight, previous reports (Weltman et al. 1962; Hatch et al. 1965; Wiberg et al. 1966) described that the isolated animal, rats and mice, was lighter in body weight than the collectively housed one. Their findings are reverse to the present results. As shown in Figs. 4 and 5, the body weight was closely related to the fat deposition in the isolated male.
The dietary consumption did not correlate with these changes .
The small adrenal in the isolated male was worthy to note in connection with the weight gain and fat deposition, because ACTH or adrenaline has lipolytic actions and the small adrenal should mean a lowering of these hormones in blood . The significant negative correlation of weight of the adrenal to that of interscapular adipose tissue in male supports this interpretation .
In the case of female, both young and mature , small ovaries were conspicuous in the isolated mice. The small ovary in cases of isolated housing had been reported on mice by Weltman et al . (1962) and on rats by Hatch et al. (1965) . On the contrary, the larger ovary in the isolated than in the collected female mice has been observed by Brain and his co-workers (Brain and Nowell 1970; Brain et al . 1971 ). We can not explain these conflicting results of observations on the weight of ovaries. In the present study, the weight of adrenals in female did not differ between two housing conditions, and then, it is reasonable to presume that the adrenocortical function has no relation to induction of the small ovaries by the isolated housing.
The previous reports were concerned mainly with the weanling or young animals, and the variation due to age difference in the response to housing condi tions has not been studied.
In the present observation on the weight of adrenals in male and of ovaries in female, the differences due to housing condition were larger in the young than in the mature (Fig. 3) . Considering the phase difference in organ growth between the young and the mature, this seems important to in terpret the effect of isolation.
In the young, male adrenals and female ovaries were likely to grow normally in the collective group, and the growth seemed to be retarded in the isolated groups.
As to the adrenal of male, the effect of isolation for 6 weeks was not dominant, in both young and mature, but as to the ovary, the duration of isolation had a different influence depending on the age; in the young, a significant difference appeared only after 12 weeks, but in the mature, a significant difference was transiently observed after 6 weeks. Significant changes were reported to occur in the weight of adrenals and/or gonadal organs after isolation for more than ten weeks in rats or mice (Hatch et al. 1963 (Hatch et al. , 1965 Weltman et al. 1962; Moore 1968) . The reason for the transient significant difference in the mature female after 6 weeks rearing has not been found in literatures, but Wiberg et al. (1966) observed that the change of ovarian weight was variable depending upon the test period.
With respect to convulsion induced by isolation, King et al. (1955) found it after 6 months and we also observed that the convulsion began to appear 3 months after the onset of isolation and became more frequent after 6 months (Takemoto et al. 1975) . Although the adrenal in the isolated male become much smaller with elongation of rearing, there is no direct evidence on the relation of small adrenals to the convulsive attack.
Considering many reports on the change of behavior and adrenocortical functions in the highly crowded animal population (Christian 1950 (Christian , 1968 Calhoun 1962 ; Christian and Davis 1964; Southwick 1969) , the space per an individual animal is likely to influence the response of animals in the case of isolated housing. However, comparing the collective group with two individual groups in the experiment 3, the significance of space is not so large.
A large number of reports ascribed the behavioral and endocrinological changes to the isolation, but the results are not always consistent in respect to adrenocortical functions. Some authors emphasize the hyperadrenocorticism (Hatch et al. 1965; Wiberg et al. 1966; Sigg et al. 1966) , while the others propose the hypoadrenocorti cism in the isolated animals (Bronson and Eleftheriou 1963; Brain and Nowell 1970) . The species, strain, and sex of animals and the space of cage have been listed as influencing factors (Hatch et al 1965; Brain 1975) . To clarify these contradictory findings and their significance, well-designed further experiments are needed. In this respect, our present experiments are still insufficient, but it can be said that the age is revealed as one of the important factors.
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